INTRODUCTION
The usage and traffic generated by Mobile Internet (MI) services have exploded in the recent years. This, together with the flat-rate pricing schemes, has generated problems for mobile operators, who have been forced to make network investments without increasing their revenue substantially. Internet services like Gmail, Skype and Facebook have started to disrupt mobile operators" business models, which are traditionally based on a walled garden principle. The voice and SMS (Short Message Service) services still generate most of the operators" revenues today, but these traditional services have been commoditized and ARPU (Average Revenue per User) figures have decreased significantly because of the fierce competition. The operators suspect that the new MI communication services might substitute their voice and SMS / MMS (Multimedia Messaging Service) services and this has affected their marketing strategy decisions. Thus the operators need to decide whether to adopt the emerging, possibly substituting, services and be exposed to the risk of cannibalization, or whether not to integrate and be exposed to the risk of increasing customer churn. That is why it is crucial for the operators to understand the cross elasticities between the services.
The aim of this paper is to study handset-based data gathered between 2008 and 2010 in Finland to explore if there is empirical evidence in favor of substitution in smartphone communication services. We consider smartphone Operating Systems (OS) as the platforms and Symbian as the platform under study. The key feature for smartphones in this study is the capability to install third party application software. At the moment of data collection Symbian was the dominating platform in terms of market share according to Gartner [1] . However, Symbian has been losing its market share rapidly while other platforms such as Google Android and iPhone are gaining market share. The services analyzed in this study are divided to traditional communication services and MI communication services. The traditional services include cellular voice calls, SMSs and MMSs. The MI services on the other hand contain all internet-based operator-independent mobile communication services, such as email, Instant Messaging (IM), Voice over IP (VoIP) and social media services.
According to the Finnish Communications Regulatory Authority (Ficora) [2] the absolute numbers of calls, SMSs and MMSs have increased steadily in the Finnish mobile communications market since 2008. However, the number of mobile subscriptions has increased even more in proportion, resulting in a decreasing number of calls, SMSs and MMSs per subscription. The subscriptions include also mobile broadband subscriptions, which have more than tripled during the last three years in Finland. These subscriptions are used variably for calling and messaging purposes, however, and thus more detailed statistics are needed for drawing any conclusions on possible substitution on market-level. Furthermore, as Gerpott [3] has indicated, these kinds of aggregate level analyses may mask diverging individual level change patterns in different customer segments. For example, they do not separate the effect of customers who have not yet even tried MI services. Thus some micro level analysis is required among users who have experience in using MI communication services.
There has been a very limited amount of research conducted in this area of substitution which is based on empirical behavioral data on individual level. Verkasalo [4] .04 per cent and 1.07 per cent, respectively. Also in another study utilizing the same data it was observed that only 21% of the users had used email and 5% had used IM [5] . Verkasalo"s results imply that there is no clear relation between the number of SMSs generated or the frequency and length of voice calls made and the use intensity of MI multimedia services. However, Verkasalo considered MI multimedia services, whereas we consider MI communication services. It seems that it was somewhat early to study substitution in 2005 and 2006 as the users were not eager to Third International Workshop on Business Models for Mobile Platforms -Access and Competitiveness in Multi-Sided Markets adopt new MI services just yet. More recently Gerpott [3] has studied the impacts of MI use intensity on the demand of SMS and mobile voice telephony. His study did not either focus specifically on communication services; instead all MI traffic was analyzed. Our study is more detailed since the actual application usage is analyzed instead of the traffic. Gerpott [3] combined usage data from a mobile operator"s billing system and telephone surveys conducted in 2008 in Germany. He concluded that the MI use intensity significantly negatively affected both the number of SMSs sent and received. The effects were so small, however, that their practical relevance is highly doubtful. Furthermore, a similar effect could not be found for outgoing or incoming voice calls. Also in another study by Gerpott [6] no significant correlation between MI use intensity and mobile voice communication or SMS activity levels was observed.
II. THEORETICAL BACKGROUND Substitution can be studied from different theoretical perspectives. In economic theory complements and substitutes are usually defined in terms of cross elasticity measures. For example, cross elasticity of demand (ε) between services j and k is defined in [7] as the percentage change in the demand (x) for service j per percentage change in the price (p) of service k. Consequently: Price is, however, not the only variable that the consumers base their decisions on. There might be switching costs [8] , such as the cost of installing new software that prevent the switch to a cheaper or even better quality service. Also network externalities [7] might be present further increasing the switching costs. For example, there might be a smaller number of users reachable through the new service, which decreases the utility of that service to the user. Porter [8] has also coined the term buyer's propensity to switch which is a third variable influencing the consumers" decisions. Not all consumers have equal propensities to switch to a new service when faced with a comparable economic motivation.
Substitution is addressed in the marketing literature traditionally from a product perspective, but since a product is anything that can be offered to a market to satisfy a want or need [9, p. 505] we can use the product literature when considering our case of smartphone communication services. Marketing scholars talk about multiproduct interactions [10] or interproduct (or intercategory) relationships [11] , for example, where substitution is one type of interaction or relationship. These interactions or relationships are presented in a conceptual framework [10] which is illustrated in Fig. 1 . This framework serves as a good basis for analyzing smartphone communications services. Conceptual framework for multiproduct interactions [10] As the framework suggests there are multiple possible interactions between products. First of all Technological Product Substitution happens when a new and improved product replaces an older product. New-Product failure, as the name implies, is a type of interaction between an older product and a new product that results in the existing product beating the new one. In Product Substitutes-in-Use the interacting products have a negative effect on each other. Complementary Products on the other hand can enhance the growth prospects of each other simultaneously. In Facilitating Products the newer product has a positive effect on the older one, but not vice versa, whereas in Auxiliary Products the older product has a positive effect on the new one. In a Predator-Prey Situation a new product has a positive effect on an older product while the older product in turn has a negative effect on the newer product. In a Prey-Predator Situation the effects are vice versa. Lastly, Independent Products do not directly affect each other and the products are only related through their costs and the finite monetary resources of the consumers. The framework has two steady-state conditions -the products end up coexisting or only one product survives. Technological product substitution and new-product failure results in only one product surviving, while independent, complementary, facilitating and auxiliary products cases result in coexisting products. Rest of the cases can eventually lead to either of the two conditions. There is an extension to the framework in [11] which takes into account the dynamics between complements and substitutes. There might be a gradual shift from complements to substitutes in the course of time and vice versa. These modes are called reincarnation and rejuvenation, respectively. For purposes that are nonspecific the substitutes and complements might also be of an occasional nature.
The strategic management literature approaches substitution from competitive opportunities and threats perspectives, for example, how a company can defend itself against substitutes. Substitution is one of the five competitive forces of Porter [8] which determine the profitability of an industry. Porter discusses the substitution at the industry level but the same principles apply to product and service level. Industries also evolve through a sequential development of technology cycles. These cycles are initiated by the technological discontinuities, which start to substitute the existing products and related services. The technology cycle phases are technological variation, selection and retention as discussed in [12] . The threat of substitute products or services depends on a number of factors: the relative price, new features and added value, performance and switching costs [8] . According to Rogers [13] the most important factor affecting diffusion is the relative advantage (price and performance) over competing technology substitutes, which changes over time. Another factor affecting the diffusion is the compatibility with the values, norms, and experience of the end-users. Innovations that are connected to older, already proven technology have an advantage.
As discussed in the introduction telecommunications infrastructure requires that operators make large long-term proactive investments in a situation where the characteristics of the new market are not clear. For this reason, more knowledge is needed of substitution during an intensive technological change. New technologies significantly influence the business of incumbent operators and can easily cannibalize older services. Technological change can lead to decreasing sales of the existing services, and an unfavorable cannibalization leads to lower profits or to the total loss of that market. The risks of cannibalization involve services being less profitable and markets for them being smaller than the old one, or they might contain significant technical risks and require continuous retooling [14] .
III. METHODOLOGY AND EMPIRICAL DATA
First of all we need to clarify how the usage of the services is measured. From all of the traditional services we can measure the actual communication, i.e., calls made and messages sent as well as the actual duration of voice calls in seconds. With MI services, however, we can only measure if and for how long the service was used. Thus we cannot measure, e.g., if messages were actually sent during the usage of the MI service or if the service was just used for reading old messages, for instance. However, there is one exception -if the users use the native email application of the device, then we can measure the number of emails sent as well. If the users use a third party email application (e.g., Gmail) then we cannot say anything about the actual communication. In the remainder of the paper actions refer to application launches, voice calls made and messages sent.
We have three handset-based datasets collected between 2008 and 2010 that are used for longitudinal analysis. The data were collected in Finland with handset-based measurements conducted in the OtaSizzle project of Aalto University by installing data collection software on the participants" smartphones. Two different data collection software were used, SP360 (used, e.g., in [15] ) in 2008 and MobiTrack (used, e.g., in [16] ) in 2009 and 2010. Although the software were different, we were able to collect the same data types from all users. The data types collected and used in this paper include application foreground usage and voice call, SMS, MMS and native email communication (in terms of calls made/received and messages sent/received). The datasets are summarized in TABLE 1 and the users had to have at least two weeks (14 days) of active data production (i.e., usage days) in order to be included in the analysis.
All the users that participated in the handset-based measurements had a Symbian smartphone by Nokia and were students or staff of the Aalto University or its predecessor Helsinki University of Technology. The participants were not same in all measurements, although some overlap between the participants might exist. The demographics of the users in each dataset are summarized in TABLE 2. The participants in OtaSizzle handset-based measurements have been identified as early adopters or innovators [13] in terms of mobile devices and services [17] . Personal innovativeness in information technology has been identified as having a direct positive impact on perceived usefulness and perceived ease of using wireless Internet services via mobile technology. These perceived variables in turn have a direct positive impact on the intention to adopt these services [18] . Thus the sample is ideal for studying MI communication services as possible substitution should first be observed with these types of users. Porter [8] has also suggested that when considering substitution, companies should target early switchers as they are more likely to adopt a substitute. Von Hippel [19] has coined the term lead users who are users whose needs will reflect the situation in a marketplace months or years in the future. Furthermore, these enthusiasts or visionaries advance the state of the art of the industry, because they want to be the first in their market and are willing to take high risks [20] . If the demand of the visionaries precedes changes in the whole market, the related companies can leverage this timing advantage.
IV. RESULTS
For analysis purposes the MI communication applications were divided to three categories -email, IM/VoIP and social media. IM and VoIP were merged to one category, because of the large amount of services that included both features (e.g., Skype and Fring). The third category includes all the social media services through which interpersonal communication is possible (e.g., Facebook and Twitter). The framework developed in [21] was used to classify all the applications in the data, with an exception of combining the messaging and calling classes to a single class called communication. The statistics were calculated with two metrics -actions and active time/duration in seconds, whereas Verkasalo [4] , for example, considered only session initiations. Actions refer to application launches and calls made/messages sent, whereas active time refers to the time spent with an application active on the foreground of the device in seconds. In the case of phone calls, the duration of the call in seconds was used as an indicator of active time. We focus on the choices made by the users and thus limit the analysis to outgoing communication, whereas Gerpott [3] , for example, considered both incoming and outgoing communication.
A. Descriptive statistics
Although the datasets are not compared to each other directly and substitution will be analyzed in each dataset separately, we can compare the datasets on a general level by presenting some descriptive statistics of the datasets. The application launches in different categories are presented in Fig. 2 (cellular voice calls are not included, because they do not have a Symbian UID and are thus not considered as applications in the analysis). Fig. 2 indicates that on an aggregate level the datasets are very similar -communication, business/productivity and browsers classes dominating in all the datasets.
Figure 2. Launches in application classes
If we look at the communication application launches and their respective categories, we can see a bit more variation (Fig. 3) . SMS dominates, but the shares of the MI applications vary among the datasets. The share of social media services is almost insignificant, because most of the usage happens through Nokia Web Runtime widgets which cannot be separated on application level with Symbian devices. However, as the widgets are implemented on top of the browser, the usage of widgets can be analyzed through HTTP (Hypertext Transfer Protocol) -traffic. For example, in the 2010 dataset 28% of total browsing was made with Facebook widgets. Further HTTP-traffic analysis will be left out for future research, however. In terms of users we can look at the usage ratios of communication services (Fig. 4) . Naturally both voice calls and SMSs have 100% usage ratio (with a few exceptions). 69% to 75% of the users have used MI communication services and email is the most popular MI service with a usage ratio of 61% to 71%. These figures are significantly higher than the ones observed by Verkasalo [5] in 2005 and 2006 and thus studying substitution seems to be more feasible with these datasets. If we compare these statistics to the national level statistics of Ficora [22] the results are somewhat expected. However, it must be noted that all mobile phone users, whether they had a basic mobile phone, feature phone or a smartphone, were included in the Ficora study. Also what is considered as active usage in the Ficora study is somewhat ambiguous. In Finland 85% of mobile phone users use SMS actively, while MMS is represented by 31%, personal email by 25%, Internet communications (Messenger, Facebook etc.) by 20% and corporate email by 18%. These figures are calculated for all age groups. If we separate these statistics by age and look at the corresponding age groups with our study (15-24 and 25-34 in Ficora"s survey), it can be noted that the active usage of SMS increases to 94-95%, MMS varies between 26-45%, personal email between 31-42%, Internet communications between 38-39% and corporate email between 12-32%. These results indicate that active use of Internet communications and personal email are typical for young adults. Our figures for email and MI communication applications in general are somewhat higher, which further strengthens the early adopter nature of our sample. TABLE 3 below presents the descriptive statistics from the correlation analysis. Usage intensity is considered, meaning that actions are reported on a per day per user basis (i.e., in 2008 MI communication applications were launched 3,17 times per user per day on average). These statistics give some indication of the usage intensity of different smartphone communication services.
B. Correlation analysis

TABLE 3. DESCRIPTIVE STATISTICS OF THE CORRELATION ANALYSIS
The datasets seem to be somewhat similar, except for the gaps between the mean values and the median values of usage times in 2009 and 2010. This indicates that the usage is quite diversified across the users in these datasets, i.e., there are lots of short usage times and a few extraordinarily long usage times. This diversity in smartphone usage has been previously observed in [23] , for example. In the 2008 dataset this phenomenon is not visible, probably because the data collection software was different. However, when comparing the usage times of all of the datasets, the median value seems to be a better indicator of centrality than the mean, although there is concern that the average user does not represent any user.
To study substitution we conducted correlation analysis on individual user level with users that had used MI communication services. By doing this we can be sure, that the users have at least had a chance to try out the MI communication services and decide whether or not to adopt them. We studied whether the usage of MI communication services (measured both with actions and time) correlate negatively with the usage of traditional communication services. As TABLE 4 indicates, all the correlations observed that argue for substitution (marked with bold font) on an overall level were weak (<0.3 or >-0.3), except for one. The strong positive correlation between voice call duration and MI communication application launches in the 2010 dataset argues for complementation, but since we are focusing on substitution and the other datasets have respective correlations negative, we will not study this possible complementation further. The direction of the other correlations varies among the datasets as well. Furthermore, if we consider email specifically and separate the traditional services (TABLE 5) we can observe only weak correlations between email and the traditional communication services. In this case the directions of the correlations vary as well. [3] [6] studies conducted with similar methods. Furthermore, not only are our observed correlations indicating substitution weak as in Gerpott"s studies, but the direction of the correlations varies as well. The results also agree with other researchers who have studied the use of multiple communication media (e.g., [16] and [24] ). These researchers conclude that people use different communication media for different purposes and thus, e.g., the resulting social networks and the value derived from the medium can differ quite a lot depending on the medium used. The purpose can depend, for example, on the strength of the tie or if the medium is used for maintaining or extending social networks. For example, it has been argued in [24] that in the mobile domain email is used uniformly across communities while IM/chat displays a strong community-based segregation. Furthermore, if a user uses a specific service regularly it is more likely (than what is expected based on a random adoption model) that his or her phone-based contacts use the service also.
Regarding the theoretical background part of our work, the results indicate in economic terms that the cross elasticity measures [7] between the services are near to zero. In the multiproduct interaction framework [10] the services belong into the category of independent services. However, it is unsure what will happen in the future as the services will be used by more and more people. The services might evolve to substitutes or complements in the course of time and there might also be a gradual shift in the form of reincarnation and rejuvenation as discussed previously [11] . As we are still in the beginning of the adoption S-curve [13] considering MI communication services, more usage is needed to draw conclusions on a larger scale. Also network externalities [7] will probably play a major role in the mass adoption of MI communication services and the possible future substitution on traditional communication services. The results also imply that these services might perform different, or wider/narrower, functions in the user"s value activity [8] and are thus not direct substitutes. Moreover, considering the MI communication services from a technological change perspective, the results imply that we are in the variation phase [12] , because the effects of the new technology are still inadequately understood. Thus there is a lot of uncertainty regarding, e.g., the market need for these services. As discussed before new technologies can influence the business of mobile operators significantly and can easily cannibalize their older services [14] . Our results imply, however, that operators should not be afraid of MI communication services cannibalizing their traditional communication services. Thus the operators should plan their marketing strategies and service offerings accordingly.
A. Limitations and future research
Regarding the external validity of the results it has to be noted, that the results are specific for the Symbian platform and we cannot generalize the results to other smartphone platforms. However, at the time of the measurements Symbian was the dominating platform in terms of market share. The results are also attributed to the early adopter group of participants, but as discussed before, their usage patterns might reflect those of the majority in the future.
The correlation analysis could be extended to multiple regression analysis as Gerpott [3] has done. He used independent variables such as MI subscription motive, MI value assessment, MI tariff type and age that were gathered using telephone interviews and the customer administration system of the operator. However, because of the limited demographic information that is available to us with these datasets, we decided not to pursue multiple regression analysis. In the future the research should be designed so that the behavioral data gathered with handset-based measurements would be complemented with questionnaires or interviews based on well-defined research questions. The study could also be extended to include more participants from multiple platforms to enable comparison between different mobile platforms, for instance.
Bayus et al. [10] discuss a complementary portfolio of products purchased by a consumer with specific needs or desires. These products can be both substitutes and complements, because users purchase the products for different purposes and the same user can use the product differently. This portfolio aspect could be taken into account by studying how the users use different smartphone communication services together as a personal communication system [25] . This way the users could also be segmented based on the portfolios, systems or service bundles as Bouwman et al. [26] suggest. Furthermore, a study is underway, which utilizes the context detection algorithm used in [23] to study the usage of different communication services in different contexts.
As discussed previously, most of the social media service usage (e.g., Facebook) happens through Nokia Web Runtime widgets which cannot be separated on application level in Symbian smartphones. We have access to the HTTP-traffic data generated by the users, however, and can thus study the social media service usage in more detail and include the results to the correlation analysis in the future.
VI. CONCLUSIONS
Substitution between MI and traditional communication services was studied in this paper. One could hypothesize that possible substitution should first be observed with early adopter users such as the ones participating in this research. Yet, we did not find any empirical evidence in favor of substitution. The results agree with other research conducted in this area. Thus we conclude that the smartphone communication services are used for different purposes and are not direct substitutes to each other. In the framework developed in [10] the services could thus be considered as belonging to the independent products category having only a budget relation through the finite monetary resources of the users. Furthermore, we believe that the results indicate that the saturation levels for the demand of different smartphone communication services have not been achieved yet with the current services and that there is demand for more various services. Thus the operators need to take these implications into account when planning their marketing strategy decisions and service offerings. Our results must be treated with care, however, as there are issues regarding external validity, for instance. Moreover, the new smartphone platforms such as Google Android might increase substitution in the future.
